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CORROSION -RESISTANT SOFT MAGNETIC FILM, METHOD OF PRODUCING 
THE SAME, THIN FILM MAGNETIC HEAD USING THE SAME AND METHOD 
OF MANUFACTURING THE THIN FILM MAGNETIC HEAD 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a soft magnetic film 
comprising a FeNi alloy, and particularly to a soft magnetic 
film having both a high saturation magnetic flux density Bs 
and high corrosion resistance, a thin film magnetic head 
using the same, and a method of producing the soft magnetic 
film and a method of manufacturing the thin film magnetic 
head. 

2. Description of the Related Art 

A conventional soft magnetic film comprises a FeNi 
alloy having a Fe composition ratio of about 55% by mass and 
a Ni composition ratio of about 45% by mass, and having a 
saturation magnetic flux density Bs of about 1.6 T. 

As shown in Fig. 1, such a soft magnetic film is used 
for a thin film magnetic head in which a recording head h2 
comprises a lower core layer 7 and an upper core layer 10 
each of which comprises a soft magnetic film, and which are 
opposed to each other with a coil layer 9 provided 
therebetween . 

In the recording head h2, a recording magnetic field is 
induced in each of the upper core layer 10 and the lower 
core layer 7 by a coil current, and a recording signal is 




applied to a magnetic disk by a leakage magnetic field 
between the upper core layer 10 and the lower core layer 7. 
In order to increase the recording density, it is desirable 
to increase the saturation magnetic flux density Bs of the 
soft magnetic film which constitutes each of the upper core 
layer 10 and the lower core layer 7. 

Although the saturation magnetic flux density of the 
soft magnetic film made of the FeNi alloy can be increased 
by increasing the Fe composition ratio, the soft magnetic 
film has a problem in which an increase in the Fe 
composition ratio deteriorates corrosion resistance. 

Particularly, when the track of a thin film magnetic 
head is further narrowed accompanying increases in the 
recording density in the future, a pole layer having a high 
saturation magnetic flux density and excellent corrosion 
resistance must be formed in a very narrow region. 

Therefore, the conventional NiFe alloy causes 
difficulties in manufacturing a thin film magnetic head 
adaptable to a higher recording density. 

SUMMARY OF THE INVENTION 

The present invention has been achieved for solving the 
above problem, and an object of the present invention is to 
provide a soft magnetic film having high corrosion 
resistance and a high saturation magnetic flux density. 

Another object of the present invention is to provide a 
thin film magnetic head adaptable to a higher recording 
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density and comprising a core layer and a pole layer each 
comprising a soft magnetic film having a high saturation 
magnetic flux density and excellent corrosion resistance 
even when the track width is narrowed. 

A further object of the present invention is to provide 
a method of producing a soft magnetic film capable of easily 
forming, with high reproducibility, a soft magnetic film 
having a high saturation magnetic flux density and excellent 
corrosion resistance, and a method of manufacturing a thin 

|3 film magnetic head using the soft magnetic film. 

in According to a first aspect of the present invention, 

there is provided a soft magnetic film comprising a FeNi 

jij alloy containing at least one element a selected from Tc, Ru, 
Rh, Pd, Re, Os , Ir and Pt , wherein the composition ratio of 

J« the element a is 1% by mass to 10% by mass. 

1 1 i 

]]z The soft magnetic film is provided with magnetism by Ni 

and Fe, and the corrosion resistance can be improved by 

I s3 ! 

adding the element a, as compared with a soft magnetic film 
not containing the element a and having an Fe composition 
ratio equivalent to the soft magnetic film of the present 
invention. With the composition ratio of element a of less 
than 1% by mass, a corrosion resistance improving effect 
cannot be obtained, while with the composition ratio of 
element a of over 10% by mass, a decrease in the Fe amount 
decreases the saturation magnetic flux density Bs and 
increases surface roughness, thereby deteriorating the 
corrosion resistance . 
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The soft magnetic film of the present invention has a 
Fe composition ratio of 55% by mass to 90% by mass, 72% by 
mass or more, or 68% by mass or more. 

Such a soft magnetic film exhibits a significant 
improvement in corrosion resistance, as compared with a soft 
magnetic film not containing the element a and having an Fe 
composition ratio equivalent to the soft magnetic film of 
the present invention. The saturation magnetic flux density 
of the soft magnetic film can be increased by increasing the 
Fe composition ratio without deterioration in the corrosion 
resistance, as compared with a conventional soft magnetic 
film. 

According to a second aspect of the present invention, 
there is provided a soft magnetic film represented by the 
composition formula Fe d Ni e a f (wherein element a is at least 
one of Tc, Ru, Rh, Pd, Re, Os, Ir and Pt), wherein the 
composition ratio d of Fe is 58% by mass to 77% by mass, the 
composition ratio e of Ni 18% by mass to 37% by mass, the 
composition ratio f of the element a is 1% by mass to 12% by 
mass, and d + e + f = 100% by mass. 

In this soft magnetic film, the composition range of 
the element a is slightly wider than that of the soft 
magnetic film according to the first aspect of the present 
invention, while the Fe composition ratio lies in a narrower 
range than the soft magnetic film according to the first 
aspect of the present invention. With the soft magnetic 
film according to the second aspect of the present invention. 
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both a high saturation magnetic flux density and excellent 
corrosion resistance can be appropriately achieved. 

With this soft magnetic film, a high saturation 
magnetic flux density Bs, specifically, a saturation 
magnetic flux density Bs of 1.8 T or more, can be obtained, 
and excellent corrosion resistance can be improved to 
decrease the surface roughness of the film. The center line 
average roughness of the film surface can be suppressed to 
10 nm or less. 

□ The composition ratio of the element a of the soft 

sfl magnetic film can be increased to 12% by mass by decreasing 
y the Ni concentration of a plating bath composition. In the 
ill soft magnetic film according to the second aspect of the 
] ri present invention, the center line average roughness Ra of 

]% the film surface can be suppressed to 10 nm or less even 

u \ 

! : I 

when up to about 12% by mass of the element a is added. 

U 

H However, with the composition ratio of element a of over 

I** 

this value, surface roughness becomes significant, and the 
saturation magnetic flux density Bs easily deteriorates due 
to a decrease in the Fe amount . 

With the soft magnetic film according to the second 
aspect of the present invention, a saturation magnetic flux 
density Bs of about 1.8 T or more can be obtained, and both 
the high saturation magnetic flux density and corrosion 
resistance can be appropriately ensured. However, as a 
result of repeated experiment , the inventors succeeded in 
producing a preferred soft magnetic film according to a 
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third aspect of the present invention as described below. 

The soft magnetic film according to the third aspect of 
the present invention is represented by the formula Fe x Ni Y a z 
(wherein element a is at least one of Tc, Ru, Rh, Pd, Re, Os, 
Ir and Pt), wherein the composition ratio X of Fe is 65% by 
mass to 74% by mass, the composition ratio Y of Ni 25% by 
mass to 34% by mass, the composition ratio Z of the element 
a is 1% by mass to 7% by mass, and X + Y + Z = 100% by mass. 

In this soft magnetic film, the composition range of 
the soft magnetic film according to the second aspect of the 
present invention is further limited and optimized. In the 
soft magnetic film according to the third aspect of the 
present invention, a high saturation magnetic flux density, 
specifically, 1.9 T or more, can be obtained, and 2 T or 
more can be obtained according to the composition. 
Furthermore, the corrosion resistance can be improved to 
further decrease the surface roughness of the film. The 
center line average roughness of the surface of the soft 
magnetic film according to the third aspect of the present 
invention can be suppressed to 5 nm or less. 

In the above-described soft magnetic films of the 
present invention, the element a is preferably Pd. It was 
found from the experiment described below that in a soft 
magnetic film of FeNiPd, properties such as a saturation 
magnetic flux density Bs , resistivity, etc., are equivalent 
to NiFe, and the corrosion resistance can be improved while 
maintaining these film properties. 



In the above -described soft magnetic films of the 
present invention, the element a is preferably Rh. Like in 
the soft magnetic film containing Pd, in a soft magnetic 
film of FeNiRh, the corrosion resistance can be improved 
while maintaining good film properties such as a saturation 
magnetic flux density Bs, etc. 

A thin film magnetic head of the present invention 
comprises a lower core layer made of a magnetic material, a 
gap layer formed on the lower core layer and made of an 
13 insulating material, a coil layer formed on the gap layer 
13 and made of a good conductive material, an insulating layer 

m 

%J covering the coil layer, and an upper core layer formed on 

3 Li 

jy the insulating layer. 

m 

At least one of the upper core layer and the lower core 

Q 

§ji layer comprises any one of the above -described soft magnetic 

3 _ ; 

i'^ films. 

]~? In the present invention, a lower pole layer is formed 

on the lower core layer to protrude from a surface facing a 
recording medium, and the lower pole layer preferably 
comprises any one of the above -described soft magnetic films. 

A thin film magnetic film of the present invention may 
comprise a lower core layer, an upper core layer, and a pole 
portion located between the lower core layer and the upper 
core layer and having a width dimension in the track width 
direction, which is restricted to a narrower than the lower 
core layer and the upper core layer, wherein the pole 
portion comprises a lower pole layer continued from the 
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lower core layer, an upper pole layer continued from the 
upper core layer, and a gap layer located between the lower 
pole layer and the upper pole layer, or the pole portion 
comprises an upper pole layer continued from the upper core 
layer and a gap layer located between the upper pole layer 
and the lower core layer, and the upper pole layer and/or 
the lower pole layer comprises any one of the above - 
described soft magnetic films. 

In the present invention, the upper pole layer and/or 
3 the lower pole layer preferably comprises the soft magnetic 
S film according to the third aspect of the present invention. 

•4 In the present invention, at least the portion of the 

B 

y core layer, which is adjacent to the magnetic gap, comprises 

S3 

is 
f { 

at least two magnetic layers, or the pole layer comprises at 

fj least two magnetic layers , and the magnetic layer of the at 

ii 

Z least two magnetic layers, which contacts the magnetic gap, 
" preferably comprises any one of the above -described soft 
magnetic f ilms . 

As described above, each of the soft magnetic films 
according to the first, second and third aspects of the 
present invention has a high saturation magnetic flux 
density Bs and excellent corrosion resistance to decrease 
the surface roughness of the film. By using such a soft 
magnetic film as a core material of a thin film magnetic 
head, the magnetic flux can be concentrated in the vicinity 
of the gap to promote an increase in the recording density. 
Furthermore, since the soft magnetic films have excellent 
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corrosion resistance, the core layer and the pole layer can 
be prevented from being damaged by atmospheric humidity or a 
chemical gas used in the process of the thin film magnetic 
head. Since the core layer and the pole layer have high 
corrosion resistance, the thickness of a protecting film 
formed to cover the core layer and the pole layer may be 
decreased, whereby a recording magnetic field can be applied 
to a magnetic disk with the core layer and the pole layer 
being brought near the magnetic disk surface. 
□ Particularly, in use of the soft magnetic film 

B 

II according to the third aspect of the present invention. 



which has a soft magnetic flux density of about 1.9 T or 
more and a center line average surface roughness of 5 nm or 
less, for the lower pole layer and/or the upper pole layer 
of the thin film magnetic head, a pole layer having a high 
saturation magnetic flux density Bs and excellent smoothness 
can be formed in a very narrow region with a narrow track. 
It is thus possible to manufacture a thin film magnetic head 
having excellent corrosion resistance and appropriately 
adaptable to a higher recording density in the future. 

A method of producing the soft magnetic film according 
to the first aspect of the present invention comprises 
depositing a FeNi alloy containing Pd by an electroplating 
process, wherein the electroplating process uses a plating 
bath containing Fe and Ni ions, and further containing PdCl 2 
which is added thereto in an amount of 0.01 g/1 to 0.10 g/1 
based on the total amount of the plating bath. 
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In the method of producing the soft magnetic film, the 
FeNi alloy containing Pd can be deposited by using the 
plating bath containing PdCl 2 added thereto, and the Pd 
composition ratio is set to 1% by mass to 10% by mass to 
produce a soft magnetic film having high corrosion 
resistance . 

The method of producing the soft magnetic film 
according to the first aspect of the present invention may 
comprise depositing a FeNi alloy containing Rh by an 
electroplating process, wherein the electroplating process 
uses a plating bath containing Fe and Ni ions, and further 
containing Rh which is added thereto by adding a strongly 
acidic Rh addition solution with a Rh content of 100 g/1 in 
an amount of 0.1 g/1 to 0.2 g/1 based on the total amount of 
the plating bath. 

In the method of producing the soft magnetic film, the 
FeNi alloy containing Rh can be deposited by using the 
plating bath containing the strongly acidic Rh addition 
solution added thereto, and the Rh composition ratio is set 
to 1% by mass to 10% by mass to produce a soft magnetic film 
having high corrosion resistance. 

In the production method, the FeNi alloy containing Pd 
or the FeNi alloy containing Rh is preferably deposited by 
the electroplating process using a pulse current. 

In the electroplating process using a pulse current, 
for example, a current control element is repeatedly turned 
ON and OFF to provide a time when the current is passed and 



a space time when the current is not passed during plating. 
In this way, by providing the time when the current is not 
passed, the FeNiPd or FeNiRh alloy film is slowly formed by 
plating, thereby relieving a deviation in the current 
density distribution during plating, as compared with an 
electroplating process using a DC current. The 
electroplating process using the pulse current facilitates 
control of the Fe content of the soft magnetic film, and can 
increase the Fe content of the film, as compared with the 
electroplating process using a DC current. 

A method of producing the soft magnetic film according 
to the second aspect of the present invention comprises 
depositing a FeNi alloy by an electroplating process using a 
pulse current and a plating bath having a Fe ion 
concentration of 1.0 g/1 to 10 g/1, a Ni ion concentration 
of 5 g/1 to 40 g/1, and a concentration of element a 
(wherein element a is at least one of Tc, Ru, Rh, Pd, Re, Os, 
Ir and Pt) ion of 0.01 g/1 to 0 . 2 g/1. 

In this production method, the Ni ion concentration is 
limited to 5 g/1 to 40 g/1. The Ni ion concentration is 
conventionally about 40 g/1, while in the present invention, 
the Ni ion concentration is set to a lower level than the 
conventional concentration, thereby decreasing the amount of 
Ni ions in the plating solution in contact with the surface 
of a cathode (the side to be plated). Therefore, the 
amounts of Fe and the element a contained in the FeNi alloy 
can be increased by improving an agitating effect, thereby 



easily forming a Fe d Ni e a f with high reproducibility, in which 
the composition ratio d of Fe is 58% by mass to 77% by mass, 
the composition ratio e of Ni 18% by mass to 37% by mass, 
and the composition ratio f of the element a is 1% by mass 
to 12% by mass. 

In the present invention, the Ni ion concentration is 
preferably set to 15 g/1 or less, or 10 g/1 or less. 

Furthermore, the ion concentration of element a is 
preferably set to 0.01 g/1 to 0.5 g/1. 

In this way, the Ni ion concentration and the ion 
concentration of element a are further limited to permit the 
easy formation of the soft magnetic film according to the 
third aspect of the present invention, i.e., the Fe x Ni Y a z 
alloy film, with high reproducibility, in which the 
composition ratio X of Fe is 65% by mass to 74% by mass, the 
composition ratio Y of Ni is 25% by mass to 34% by mass, and 
the composition ratio Z of the element a is 7% by mass or 
less . 

In the present invention, saccharin sodium is 
preferably further mixed with the plating bath for the FeNi 
alloy. The saccharin sodium (C 6 H 4 CONNaS0 2 ) has the function 
as a stress relaxing agent , and thus the membrane stress of 
the FeNi alloy film can be decreased by mixing the saccharin 
sodium. 

In the present invention, 2-butyne- 1 , 4-diol can be 
preferably further mixed with the plating bath. Therefore, 
coarsening of the crystal grains of the FeNi alloy formed by 



using this plating bath can be prevented to decrease the 
crystal grain diameter, thereby preventing the occurrence of 
gaps between respective crystal grains and roughening of the 
film surface. By preventing the surface roughening, the 
coercive force He can be decreased. 

In the present invention, sodium 2-ethylhexyl sulfate 
is preferably mixed with the plating bath. Therefore, 
hydrogen produced in the plating bath can be removed by 
sodium 2-ethylhexyl sulfate serving as a surfactant to 
prevent surface roughening due to adhesion of hydrogen to 
the plating film. 

Although sodium lauryl sulfate may be used in place of 
sodium 2-ethylhexyl sulfate, sodium 2-ethylhexyl sulfate is 
preferably used because bubbles less occur in mixing with 
the plating solution, and thus a large amount of sodium 2- 
ethylhexyl sulfate can be mixed with the plating solution to 
appropriately remove the hydrogen. 

A method of manufacturing a thin film magnetic head of 
the present invention comprises depositing a lower core 
layer made of a magnetic material, an upper core layer 
opposed to the lower core layer through a magnetic gap at 
the surface facing a recording medium, and a coil layer for 
inducing a recording magnetic field in both core layers, 
wherein at least one of the core layers comprises a soft 
magnetic film produced by plating by any one of the above- 
described production methods . 

In the present invention, a lower pole layer is formed 



on the lower core layer to protrude from the surface facing 



the recording medium, and the lower pole layer preferably 



comprises any one of the above soft magnetic films. 



A method of manufacturing a thin film magnetic head of 



the present invention comprises depositing a lower core 



layer, an upper core layer, and a pole portion between the 



lower core layer and the upper core layer so that the width 



dimension in the track width direction is limited to a 



narrower range than the lower core layer and the upper core 



□ layer, wherein the pole portion comprises a lower pole layer 

fl continued from the lower core layer, an upper pole layer 

*J continued from the upper core layer, and a gap layer located 

ij between the lower pole layer and the upper pole layer, or 

ri 
f S 

the pole portion comprises an upper pole layer continued 



S from the upper core layer, and a gap layer located between 

i f 

5 the upper pole layer and the lower core layer. 

*f In the manufacturing method, the upper pole layer 



and/or the lower pole layer comprises a soft magnetic film 



formed by plating by any one of the above -described 



production methods. 



The upper pole layer and/or the lower pole layer is 



preferably formed by plating by the method of producing the 



soft magnetic film according to the third aspect of the 



present invention . 



Furthermore, at least the portion of the core layer. 



which is adjacent to the magnetic gap, preferably comprises 



at least two magnetic layers, or the pole layer preferably 
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comprises at least two layers, and the magnetic layer of the 
at least two magnetic layers, which contacts the magnetic 
gap, preferably comprises the soft magnetic film formed by 
plating . 

Each of the core layer and the pole layer, which 
constitute the thin film magnetic head, comprises a soft 
magnetic film formed by plating by any one of the above - 
described production methods, and thus the core layer and 
the pole layer have a high saturation magnetic flux density 
Bs, thereby permitting an attempt to increase the recording 
density. It is also possible to manufacture a thin film 
magnetic head having excellent corrosion resistance with 
high yield. 

Furthermore, the agitating effect can be improved by 
increasing the Ni ion concentration of the plating bath to 
increase the movement (substitution) of Fe ions and element 
a ions to the surface to be plated during the formation of a 
soft magnetic film in such a narrow region as the pole layer 
by plating. Therefore, a soft magnetic film having a high 
saturation magnetic flux density Bs and excellent smoothness 
can be formed by plating in a narrow region with high 
reproducibility, as compared with a conventional soft 
magnetic film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a longitudinal sectional view of a thin film 
magnetic head according to an embodiment of the present 



invention; 

Fig. 2 is a partial front view of a thin film magnetic 
head according to another embodiment of the present 
invention; 

Fig. 3 is a longitudinal sectional view of the thin 
film magnetic head shown in Fig. 2; 

Fig. 4 a partial front view of a thin film magnetic 
head according to a further embodiment of the present 
invention; 

Fig. 5 is a longitudinal sectional view of the thin 
film magnetic head shown in Fig. 4; 

Fig. 6 is a longitudinal sectional view of a thin film 
magnetic head according to a still further embodiment of the 
present invention ; 

Fig. 7 is a longitudinal sectional view of a thin film 
magnetic head according to a further embodiment of the 
present invention ; 

Fig. 8 is a ternary diagram showing a preferred 
composition range for a FeNiPd alloy; and 

Fig. 9 is a graph showing the ratio of the soft 
magnetic films not corroded in experiment of corrosion 
resistance using soft magnetic films of Example 20 and 
Comparative Example 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A soft magnet film according to a first embodiment of 
the present invention comprises a FeNi alloy containing at 



least one element a of Tc, Ru, Rh, Pd, Re, Os , Ir, and Pt, 
wherein the composition ratio of the element a is 1% by mass 
to 10% by mass. 

In the present invention, element a, which is a noble 
metal such as Pd, is added to the NiFe alloy to form a film 
which has improved corrosion resistance and which is less 
ionized even by exposure to a solvent. However, with an 
excessively large amount of the element a added, the 
saturation magnetic flux density Bs deteriorates due to a 
decrease in the Fe amount, and the surface of the film is 
extensively roughened, thereby failing to effectively 
improve the corrosion resistance. 

In the present invention, on the basis of the 
experimental results which will be described below, the 
composition ratio of the element a is set in the range of 1% 
by mass to 10% by mass. 

In the soft magnetic film of the first embodiment, the 
composition ratio of the element a is preferably 1.58% by 
mass to 4.90% by mass. 

The Fe amount contributes to the saturation magnetic 
flux density Bs, and the saturation magnetic flux density Bs 
can be increased by increasing the Fe amount. However, with 
an excessively large amount of Fe, the surface of the film 
is extensively roughened to decrease the corrosion 
resistance, and the saturation magnetic flux density Bs is 
also decreased. 

In the soft magnetic film of the first embodiment, the 



composition ratio of Fe is preferably 55% by mass to 90% by 
mass, more preferably 72% by mass or more or 68% by mass or 
more . 

As a result, a saturation magnetic flux density Bs of 
1.5 T or more, preferably 1.8 T or more, can be ensured. 

Specifically, in the soft magnetic film of the first 
embodiment, the composition ratios are set as follows: 

The composition ratio of Fe is about 51 to 74% by mass, 
the composition ratio of Ni is about 24 to 46% by mass, the 
composition ratio of Pd is 1.4 to 4.9% by mass, and the 
total of the composition ratios of Fe, Ni and Pd is 100% by 
mass . 

As a result of comparison of the properties of the 
FeNiPd alloy having the composition ratios in the above 
ranges and the properties of a FeNi alloy not containing Pd, 
the results described below were obtained. The results were 
obtained by comparison of a FeNiPd alloy film and a FeNi 
alloy film each having a thickness of about 2 \xm. 

In the case of Fe a Ni b Pd 100 _ a _ b , with a Fe composition 
ratio (= a) of 51 to 53% by mass, the corrosion resistance 
is improved with increases in the Pd composition ratio (= 
100 - a- b) , and particularly with a Pd composition ratio of 
4.0% by mass or more, the corrosion resistance is 
significantly improved, as compared with a conventional soft 
magnetic film (Fe 55 Ni 45 ) not containing Pd and having a Fe 
composition ratio of about 55% by mass. 

In the Fe a Ni b Pd 100 _ a _ b (a = 51 to 53), the characteristics 
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of the film such as the saturation magnetic flux density Bs, 
coercive force, anisotropic magnetic field, resistivity, 
stress, etc. are less affected by the Pd composition ratio 
(100 - a - b), and maintained in substantially equivalent 
levels to a soft magnetic film (Fe a Ni 100 _ a ) not containing Pd 
and having an Fe composition ratio (= a) equivalent to the 
Fe a Ni b Pd 100 _ a _ b . 

In the Fe a Ni b Pd 100 _ a _ b , with a Fe composition ratio (= a) 
of about 72% by mass, and a Pd composition ratio (= 100 - a 

- b) of about 3.5% by mass, the corrosion resistance is 
significantly improved, as compared with a soft magnetic 
film (Fe 72 Ni 28 ) not containing Pd and having a Fe composition 
ratio of about 72% by mass, and the corrosion resistance is 
higher than that of the conventional soft magnetic film 
(Fe 55 Ni 45 ) not containing Pd and having a Fe composition 
ratio of about 55% by mass. 

In the Fe a Ni b Pd 100 _ a _ b , with a Fe composition ratio (= a) 
of over about 72% by mass, and a Pd composition ratio (= 100 

- a - b) of about 2% by mass, the corrosion resistance is 
significantly improved, as compared with the soft magnetic 
film (Fe 72 Ni 28 ) not containing Pd and having a Fe composition 
ratio of about 72% by mass, and the corrosion resistance is 
substantially the same as that of the conventional soft 
magnetic film (Fe 55 Ni 45 ) not containing Pd and having a Fe 
composition ratio of about 55% by mass. 

In the Fe a Ni b Pd 100 _ a _ b (a £ 72), the saturation magnetic 
flux density Bs and resistivity are less affected by the Pd 



composition ratio (100 - a - b) , and the saturation magnetic 
flux density Bs is as high as about 1.9 T and maintained in 
a substantially equivalent level to the soft magnetic film 
(Fe a Ni 100 _ a ) not containing Pd and having an Fe composition 
ratio (= a) equivalent to Fe a Ni b Pd 100 _ a _ b . 

As described above, the Fe a Ni b Pd 100 _ a _ b film has improved 
corrosion resistance, as compared with the (Fe a Ni 100 _ a ) film 
not containing Pd and having an Fe composition ratio (= a) 
equivalent to the Fe a Ni b Pd 100 _ a _ b film. 

Where the Pd composition ratio of Fe a Ni b Pd 100 _ a _ b having a 
high Fe composition ratio equals to the Pd composition ratio 
of Fe a .Ni b .Pd 100 _ a » _ b . having a low Fe composition ratio (100 - 
a - b = 100 - a' - b'), Fe a Ni b Pd 100 _ a . b having a high Fe 
composition ratio significantly exhibits the effect of 
improving the corrosion resistance by adding Pd. 

Next, another example of the soft magnetic film 
according to the first embodiment of the present invention 
will be described. 

The soft magnetic film of the first embodiment of the 
present invention comprises the FeNi alloy film having a 
thickness of about 2 \im, and is represented by the 
composition formula Fe 75 Ni 16 Rh 9 having a Fe composition ratio 
of about 75% by mass, a Ni composition ratio of about 16% by 
mass, and a Rh composition ratio of about 9% by mass. 

The corrosion resistance of the Fe 75 Ni 16 Rh 9 film is 
improved, as compared with a soft magnetic film (Fe 72 Ni 28 ) 
not containing Rh and having a Fe composition ratio of about 
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72% by mass, and is equivalent to a FeNiPd film having a Fe 
composition of about 72% by mass and a Pd composition ratio 
of about 3.5% by mass. 

The composition ratios of a soft magnetic film 
according to a second embodiment of the present invention 
will be described below. 

The soft magnet film according to the second embodiment 
of the present invention is represented by the composition 
formula Fe d Ni e a f (wherein element a is at least one of Tc, Ru, 
□ Rh, Pd, Re, Os , Ir, and Pt) wherein the composition ratio d 

8 of Fe is 58% by mass to 77% by mass, the composition ratio e 

ft 

y of Ni is 18% by mass to 37% by mass, the composition ratio f 

y of the element a is 1% by mass to 12% by mass, and d + e + f 

1 i 

= 100% by mass. 

fi In the soft magnetic film of the second embodiment, 

^ element a, which is a noble metal such as Pd, is added to a 

2 NiFe alloy to improve the corrosion resistance of the FeNia 
alloy, as compared with a NiFe alloy not containing the 
element a. 

In the soft magnetic film according to the first 
embodiment, the composition ratio of the element a is 
limited in the range of 1% by mass to 10% by mass, while in 
the soft magnetic film according to the second embodiment, 
the composition ratio of the element a is 1% by mass to 12% 
by mass. 

Namely, the composition range of the element a of the 
soft magnetic film according to the second embodiment can be 
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widened, as compared with the soft magnetic film according 
to the first embodiment . The reason why the composition 
ratio of the element a can be widened is that the Ni ion 
concentration of the plating bath used in the production 
method is decreased to improve the agitating effect. The 
production method will be described in further detail below. 

The reason for setting the upper limit of the element a 
is 12% by mass is that with a composition ratio of the 
element a of over this value, the surface of the film is 
significantly roughened to deteriorate the corrosion 
resistance, and the saturation magnetic flux density Bs is 
easily decreased due to a decrease in the Fe amount. 

The Fe composition ratio and the Ni composition ratio 
of the soft magnetic film of the second embodiment are 
limited to narrower ranges than the soft magnetic film of 
the first embodiment. The Fe amount is important for 
improving the saturation magnetic flux density Bs, and the 
saturation magnetic flux density Bs can be increased by 
increasing the Fe amount. However, with a Fe amount of over 
77% by mass, the surface of the film is significantly 
roughened to deteriorate the corrosion resistance and 
decrease the saturation magnetic flux density Bs. On the 
other hand, with a Fe amount of less than 58% by mass, the 
corrosion resistance is good, while the saturation magnetic 
flux density Bs is easily decreased. 

With the soft magnetic film having the composition 
ratios in the above ranges, a soft magnetic flux density Bs 



of 1.8 T or more can be ensured. Also, the corrosion 
resistance can be improved, and the surface roughness of the 
film can be decreased. Specifically, the center line 
average roughness Ra of the film surface can be suppressed 
to 10 nm or less. 

In the soft magnetic film of the second embodiment, the 
coercive force He can be decreased to, for example, 500 
(A/m) or less. Also, a resistivity of 30 (jxQ/cm) or more 
can be obtained, and an anisotropic magnetic field Hk 
equivalent to a NiFe alloy can be obtained. 

The composition ratios of a soft magnetic film 
according to a third embodiment of the present invention 
will be described below. 

The soft magnet film according to the third embodiment 
of the present invention is represented by the composition 
formula Fe x Ni y a z (wherein element a is at least one of Tc, Ru, 
Rh, Pd, Re, Os, Ir, and Pt) wherein the composition ratio X 
of Fe is 65% by mass to 74% by mass, the composition ratio Y 
of Ni is 25% by mass to 34% by mass, the composition ratio Z 
of the element a is 1% by mass to 7% by mass, and X + Y + Z 
= 100% by mass. 

The composition ratios of the soft magnetic film of the 
third embodiment are further limited and optimized, as 
compared with the soft magnetic film of the second 
embodiment . 

With the soft magnetic film of the third embodiment, a 
higher soft magnetic flux density Bs than the soft magnetic 



films of the first and second embodiments can be obtained. 
Specifically, a saturation magnetic flux density Bs of 1 . 9 T 
or more can be obtained, and 2.0 T or more can be obtained 
according to the composition. Also, the surface roughness 
of the film can be decreased, as compared with the soft 
magnetic film of the second embodiment. Specifically, the 
center line average roughness Ra of the film surface can be 
suppressed to 5 nm or less. 

Any of the soft magnetic films of the first, second and 
third embodiments can be used as a core material for a thin 
film magnetic head which will be described below. 

A thin film magnetic head used for a hard magnetic disk 
device or the like is a combination type thin film magnetic 
head comprising a reproducing head hi and a recording head 
h2 (inductive head), for example, as shown in Fig. 1. The 
reproducing head hi is formed on an end surface la of a 
slider 1 with an underlying layer 15 provided therebetween 
and made of alumina or the like. The reproducing head hi 
comprises a lower shield layer 2 made of a FeNi alloy, a 
lower gap layer 3 made of alumina and formed to cover the 
lower shield layer 2 , a magnetoresistive element 4 formed on 
the lower gap layer 3 and employing an anisotropic 
magnetoresistive (AMR effect) effect, a giant 
magnetoresistive effect (GMR effect), or a tunnel-type 
magnetoresistive effect (TMR effect), an electrode layer 5 
electrically connected to the magnetoresistive element 4, an 
upper gap layer 6 made of alumina and formed to cover the 



magnetoresistive element 4 and the electrode layer 5 , and an 
upper shield layer 7 formed on the upper gap layer 6 . 

The recording head h2 provided on the reproducing head 
hi comprises a lower core layer 7 which is also used as the 
upper shield layer 7 of the reproducing head hi and which 
comprises a soft magnetic film made of a FeNi alloy 
containing at least one element a of Tc, Ru, Rh, Pd, Re, Os , 
Ir, and Pt, a gap layer 8 made of a magnetic material such 
as alumina, Si0 2 , or the like and formed on the lower core 
layer 7 , a coil layer 9 made of a good conductor such as Cu 
or the like and patterned on the gap layer 8, and an upper 
core layer 10 formed on the coil layer 9 with an insulating 
layer 11 of resist coated therebetween. Like the lower core 
layer 7, the upper core layer 10 comprises a soft magnetic 
film made of a FeNi alloy containing at least one element a 
of Tc, Ru, Rh, Pd, Re, Os , Ir, and Pt. The base end 10a of 
the upper core layer 10 is electrically connected to the 
lower core layer also serving as the upper shield layer 7 , 
and the gap between the lower core layer 7 and the upper 
core layer 10 with the gap layer 8 held therebetween is 
referred to as "writing gap G" on the side lb facing a 
magnetic disk. 

In the thin film magnetic head, a protecting film 16 
made of carbon is formed on the magnetic disk-facing side lb 
to cover the upper core layer 10 and the lower core layer 7. 

Next, driving of the thin film magnetic head of the 
present invention will be described. 



During driving of the thin film magnetic head, a 
recording current is applied to the coil layer 9 to induce a 
recording magnetic field in the upper core layer 10 and the 
lower core layer 7. Since the recording magnetic field is 
oriented in the direction of the hard magnetization axis of 
the upper core layer 10 and the lower core layer 7, the 
upper core layer 10 and the lower core layer 7 have magnetic 
properties in the hard magnetization direction of a soft 
magnetic film. 

The recording magnetic field induced in the upper core 
layer 10 and the lower core layer 7 produces a leakage 
magnetic field in the writing gap G to apply a recording 
magnetic field to the recording medium by the leakage 
magnetic field. 

In this thin film magnetic head, each of the upper core 
layer 10 and the lower core layer 7 has a high saturation 
magnetic flux density Bs, making the thin film magnetic head 
adaptable to a higher recording density. Although the 
resistivity of the upper core layer 10 and the lower core 
layer 7 must be increased to suppress an eddy current loss 
in order to cope with a higher recording frequency, the 
resistivity of the upper core layer 10 and the lower core 
layer 7 is maintained in a conventional level, and a high 
recording frequency characteristic can be maintained. 

Each of the upper core layer 10 and the lower core 
layer 7 comprises any one of the soft magnetic films of the 
first, second and third embodiments. 
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Particularly, each of the upper core layer 10 and the 
lower core layer 7 preferably comprises the soft magnetic 
film of the second or third embodiment. By using the soft 
magnetic film of the second embodiment , a core layer can be 
obtained, in which a saturation magnetic flux density Bs of 
1.8 T or more can be obtained, and the center line average 
roughness Ra of the film can be suppressed to 10 nm or less. 

With the soft magnetic film of the third embodiment, a 
core layer can be obtained, in which a saturation magnetic 
flux density Bs of 1.9 T or more can be obtained, and the 
center line average roughness Ra of the film can be 
suppressed to 5 nm or less. 

Therefore, a magnetic flux can be concentrated in the 
vicinity of the gap between the core layers to improve the 
recording density, and a thin film magnetic head adaptable 
to a higher recording density can be manufactured. The thin 
film magnetic head has excellent corrosion resistance and 
can appropriately prevent corrosion even when exposed to 
various solvents used in the manufacturing process. 

Since the upper core layer 10 and the lower core layer 
7 have high corrosion resistance, the protecting layer 16 
for covering the upper and lower core layers may be thinned 
so that a recording magnetic field can be applied to the 
magnetic disk with the upper and lower core layers being 
brought near the magnetic disk surface. 

Although the combination type thin film magnetic head 
has been described above, the thin film magnetic head of the 




present invention may be a record- only thin film magnetic 
head comprising only a recording head. Although, in the 
above-described thin film magnetic head, both the upper core 
layer and the lower core layer comprise the soft magnetic 
films of the present invention, either of the upper core 
layer and the lower core layer may comprise the soft 
magnetic film of the present invention. 

In the present invention, the soft magnetic films of 
the first, second and third embodiments can be used for a 
thin film magnetic head having a structure other than that 
shown in Fig. 1. The structures of other thin film magnetic 
heads will be described below. 

Fig. 2 is a partial front view of a thin film magnetic 
head according to another embodiment of the present 
invention, and Fig. 3 is a longitudinal partial sectional 
view showing the thin film magnetic head taken along line 
III-III in Fig. 2, as viewed from the direction of arrows. 

The structure of the reproducing head hi is the same as 
Fig. 1. Like in Fig. 1, in the embodiment shown in Figs. 2 
and 3, the upper shield layer 7 is also used as a lower core 
layer of an inductive head h2 . In Figs. 2 and 3, a Gd 
determining layer 17 is formed on the lower core layer 7 so 
that the length dimension from the surface facing the 
recording medium to the front end of the Gd determining 
layer 17 is regulated by the gap depth (Gd) . The Gd 
determining layer 17 comprises, for example, an organic 
insulating material . 
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As shown in Fig. 2, the upper surface 7a of the lower 
core layer 7 is formed to be inclined toward the lower 
surface in the track width direction (the X direction shown 
in the drawing) away from the base end of a pole portion 18, 
thereby suppressing the occurrence of side fringing. 

As shown in Fig. 3, the pole portion 18 is formed to 
extend from the surface facing the recording medium to the 
top of the Gd determining layer 17. 

The pole portion 18 comprises a lower pole layer 19, a 
nonmagnetic gap layer 20, and an upper pole layer 21, which 
are laminated in turn from the bottom. 

The lower pole layer 19 is formed directly on the lower 
core layer 7 by a plating process. The gap layer 20 formed 
on the lower pole layer 19 is preferably made of a 
nonmagnetic metal material which can be plated. 
Specifically, at least one material is preferably selected 
from NiP, NiPd, NiW, NiMo, Au, Pt , Rh, Pd, Ru, and Cr. 

In the present invention, for example, NiP is used for 
the gap layer 20. This is because the gap layer 20 can be 
appropriately made nonmagnetic by using NiP for the gap 
layer 20. 

The upper pole layer 21 formed on the gap layer 20 is 
magnetically connected to an upper core layer 22 formed 
thereon. 

As described above, with the gap layer made of a 
nonmagnetic metal material which can be plated, the lower 
pole layer 19, the gap layer 20 and the upper pole layer 21 



- 29 - 



can be continuously formed by plating. 

The pole portion 18 may comprise two layers including 
the gap layer and the upper pole layer 21. 

As shown in Fig. 2, the pole portion 18 is formed with 
a width dimension corresponding to a track width Tw in the 
track width direction (the X direction shown in the drawing). 

As shown in Figs. 2 and 3, insulating layers 23 made of, 
for example, an inorganic insulating material are formed on 
both sides of the pole portion 18 in the track width 
p direction (the X direction) and in the portion behind the 

(S pole portion 18 in the height direction (the Y direction 

ill 

%1 shown in the drawings ) . The upper surfaces of the 

is 

jy insulating layers 23 and the upper surface of the pole 

1*1 

portion 18 lie in the same plane. 
i% As shown in Fig. 3, a coil layer 24 is spirally 

•Sj patterned on the insulating layers 23. The coil layer 24 is 
M covered with an insulating layer 25 made of an organic 
insulating material. The coil layer 24 may comprise at 
least two layers which are laminated with an insulating 
layer provided therebetween . 

As shown in Fig. 3, the upper core layer 22 is 
patterned by, for example, a frame plating method to extend 
from the pole portion 18 to the insulating layer 25. As 
shown in Fig. 2, the front end 22a of the upper core layer 
22 is formed with the width dimension Tl in the track width 
direction at the surface facing the recording medium, the 
width dimension Tl being larger than the track width Tw. 
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As shown in Fig. 3, the base end 22b of the upper core 
layer 22 is connected directly to the top of a connecting 
layer (back gap layer) formed on the lower core layer 7 and 
made of a magnetic material. 

In the present invention, the upper pole layer 21 
and/or the lower pole layer 19 comprises any one of the soft 
magnetic films of the first, second and third embodiments. 

All the soft magnetic films contain at least one 
element a of Tc, Ru, Rh, Pd, Re, Os, Ir, and Pt, and have 
excellent corrosion resistance, as compared with a NiFe 
alloy not containing the element a. Also, the soft magnetic 
films have excellent film characteristics such as the 
saturation magnetic flux density Bs, and thus the use of the 
FeNia alloy for the pole layer permits concentration of a 
magnetic flux near the gap of the pole layer, thereby 
improving the recording density. 

A thin film magnetic head having a structure adaptable 
to a narrower track is required as the recording density 
increases in future . 

In the thin film magnetic head shown in Figs. 2 and 3, 
the pole portion 18 having the track width Tw is formed 
between the lower core layer 7 and the upper core layer 22 
separately from the core layers. The structure of the thin 
film magnetic head shown in Figs. 2 and 3 is more 
appropriately adaptable to a narrower tack as compared with 
the structure shown in Fig. 1 in which the upper core layer 
10 is opposed to the lower core layer 7 with the gap layer 8 
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provided therebetween. 

The pole portion 18 preferably has a width dimension of 
about 0.1 to 0.5 \xm in the track width direction (the X 
direction), a depth dimension (the Y direction) of the same 
as the width dimension, and a height dimension (the Z 
direction) of about 2 to 5 times the width dimension. 

The lower pole layer 19 and the upper pole layer 21 
which constitute the pole portion 18 formed in such a narrow 
space are required to have a high saturation magnetic flux 
density Bs and preferably have lower surface roughness. In 
the thin film magnetic head shown in Fig. 1, the upper core 
layer 10 and the lower core layer 7 are formed in a relative 
wide region, and thus surface roughness causes no problem. 
However, in the thin film magnetic head shown in Fig. 2, the 
surface roughness makes it impossible to form the pole 
layers 19 and 21 having predetermined shapes and excellent 
corrosion resistance in a very narrow region. 

Therefore, in the thin film magnetic head comprising 
the pole portion 18 formed with the track width Tw between 
the lower core layer 7 and the upper core layer 22, as shown 
in Fig. 2 and 3, the upper pole layer 21 and /or the lower 
pole layer 19 preferably comprises the soft magnetic film 
according to the third embodiment . 

Namely, the upper pole layer 21 and /or the lower pole 
layer 19 preferably comprises the soft magnetic film 
represented by the composition formula Fe x Ni Y ot z (wherein 
element a is at least one of Tc, Ru, Rh, Pd, Re, Os, Ir, and 
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Pt) wherein the composition ratio X of Fe is 65% by mass to 
74% by mass, the composition ratio Y of Ni is 25% by mass to 
34% by mass, the composition ratio Z of the element a is 1% 
by mass to 7% by mass, and X + Y + Z = 100% by mass. 

The soft magnetic film of the third embodiment has a 
saturation magnetic flux density Bs of 1.9 T or more, and a 
center line average surface roughness Ra of 5 nm or less. 
Therefore, by using the soft magnetic film of the third 
embodiment for the lower pole layer 19 and the upper pole 
layer 21 shown in fig. 3, the advantage of track narrowing 
can be effectively ensured, and a thin film magnetic head 
appropriately adaptable to a higher recording density and 
having excellent corrosion resistance can be manufactured. 

Fig. 4 is a partial front view showing the structure of 
a thin film magnetic head according to a further embodiment 
of the present invention, and Fig. 5 is a longitudinal 
sectional view taken along line V-V in Fig. 4, as viewed 
from the direction of arrows. 

In this embodiment , the structure of the reproducing 
head hi is the same as Figs. 1 to 3 . 

As shown in Fig. 4, an insulating layer 31 made of, for 
example, an inorganic insulating material is formed on the 
lower core layer 7. In the insulating layer 31, a track 
width forming trench 31a is formed with a predetermined 
length dimension from the surface facing the recording 
medium in the height direction (the Y direction shown in the 
drawing) . The track width forming trench 31a is formed with 
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the track width Tw at the surface facing the recording 

medium (refer to Fig. 4). 

In the track width forming trench 31a, a pole portion 

30 comprising a lower pole layer 32, a nonmagnetic gap layer 

33 and an upper pole layer 34 is formed. 

The lower pole layer 32 is formed directly on the lower 

core layer 7 by plating. The gap layer 33 formed on the 

lower pole layer 32 is preferably made of a nonmagnetic 

metal material which can be plated. Specifically, at least 
q one material is preferably selected from NiP, NiPd, NiW, 
fj NiMo, Au, Pt, Rh, Pd, Ru, and Cr. 

y In the present invention, for example, NiP is used for 

n 

ij the gap layer 33. This is because the gap layer 33 can be 

ft 

appropriately made nonmagnetic by using NiP for the gap 
^ layer 33. 

~ The pole portion 30 may comprise two layers including 

M the gap layer 33 and the upper pole layer 34. 

A Gd determining layer 37 is formed on the gap layer 33 
to extend from a position at a distance corresponding to the 
gap depth (Gd) from the surface facing the recording medium 
to the top of the insulating layer 31. The Gd determining 
layer 37 is made of, for example, an organic insulating 
material. 

The upper pole layer 34 formed on the gap layer 33 is 
magnetically connected to an upper core layer 40 formed 
thereon . 

As described above, with the gap layer 33 made of a 
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nonmagnetic metal material which can be plated, the lower 
pole layer 32, the gap layer 33 and the upper pole layer 34 
can be continuously formed by plating. 

As shown in Fig. 5, a coil layer 38 is spirally 
patterned on the insulating layer 31. The coil layer 38 is 
covered with an insulating layer 39 made of an organic 
insulating material. 

As shown in Fig. 4, inclined surfaces 31c are formed at 
both side ends of the track width forming trench 31a in the 
track width direction (the X direction) to extend from the 
upper surface of the upper pole layer 34 to the upper 
surface 31b of the insulating layer 31 so that the width of 
the track width forming trench 31a gradually increases in 
the direction away from the lower core layer 7 . 

As shown in Fig. 4, the tip portion 40a of the upper 
core layer 40 is formed to extend from the top of the upper 
pole layer 34 to the tops of the inclined surfaces 31c in 
the direction away from the lower core layer 7 . 

As shown in Fig. 5, the upper core layer 40 is formed 
on the insulating layer 39 to extend from the surface facing 
the recording medium in the height direction (the Y 
direction shown in the drawing), the base end 40b of the 
upper core layer 40 being formed directly on the lower core 
layer 7 . 

In the embodiment shown in Figs . 4 and 5 , the lower 
pole layer 32 and/or the upper pole layer 34 comprises any 
one of the soft magnetic films according to the first. 



second and third embodiments . 

All the soft magnetic films contain at least one 
element a of Tc, Ru, Rh, Pd, Re, Os, Ir, and Pt , and have 
excellent corrosion resistance, as compared with a NiFe 
alloy not containing the element a. Also, the soft magnetic 
films have excellent film characteristics such as the 
saturation magnetic flux density Bs, and thus the use of the 
FeNict alloy for a pole layer permits concentration of a 
magnetic flux near the gap of the magnetic layer, thereby 
improving the recording density. 

The lower pole layer 32 and the upper pole layer 34 
which constitute the pole portion 30 formed in a narrow 
space are required to have a high saturation magnetic flux 
density Bs and preferably have lower surface roughness. In 
the thin film magnetic head shown in Figs. 4 and 5 in which 
the pole portion 30 having the track width Tw is formed 
between the lower core layer 7 and the upper core layer 22, 
the upper pole layer 32 and/or the lower pole layer 34 
preferably comprises the soft magnetic film according to the 
third embodiment . 

Namely, the upper pole layer 34 and /or the lower pole 
layer 32 preferably comprises the soft magnetic film 
represented by the composition formula Fe x Ni Y a z (wherein 
element a is at least one of Tc, Ru, Rh, Pd, Re, Os, Ir, and 
Pt) wherein the composition ratio X of Fe is 65% by mass to 
74% by mass, the composition ratio Y of Ni is 25% by mass to 
34% by mass, the composition ratio Z of the element a is 1% 



by mass to 7% by mass, and X + Y + Z = 100% by mass. 

The soft magnetic film of the third embodiment has a 
saturation magnetic flux density Bs of 1.9 T or more, and a 
center line average surface roughness Ra of 5 nm or less. 
Therefore, by using the soft magnetic film of the third 
embodiment for the lower pole layer 32 and/or the upper pole 
layer 34, the advantage of track narrowing can be 
effectively ensured, and a thin film magnetic head 
appropriately adaptable to a higher recording density and 
having excellent corrosion resistance can be manufactured. 

In the present invention, the lower pole layer 19 or 32 
and/or the upper pole layer 21 or 34 shown in Figs. 2 to 5 
may comprise a lamination of at least two magnetic layers. 
In this case, the magnetic layer in contact with the gap 
layer 20 or 33 preferably comprises the FeNia alloy of the 
present invention. Particularly, the magnetic layer in 
contact with the gap layer 20 or 33 preferably comprises the 
soft magnetic film of the third embodiment. As a result, 
the magnetic flux can be concentrated in the vicinity of the 
gap, and a thin film magnetic head adaptable to a higher 
recording density in future can be manufactured. 

Although the magnetic layer other than the magnetic 
layer in contact with the gap layer 20 or 33 may be made of 
any magnetic material having any composition ratio, the 
saturation magnetic flux density Bs may be lower than that 
of the magnetic layer in contact with the gap layer 20 or 33. 
As a result, the recording magnetic field is appropriately 



led to the magnetic layer in contact with the gap layer 20 
or 33 from the other magnetic layer, thereby permitting an 
attempt to increase the recording density. 

Although the lower pole layer 19 or 32 preferably has a 
high saturation magnetic flux density Bs , the saturation 
magnetic flux density Bs of the lower pole layer 19 or 32 is 
set to be lower than that of the upper pole layer 21 or 34 
to facilitate reversal of magnetization of the leakage 
magnetic field between the lower pole layer and the upper 
pole layer, thereby increasing the density of the signals 
written on the recording medium. 

Fig . 6 is a longitudinal sectional view showing a thin 
film magnetic head according to a still further embodiment 
of the present invention. 

The structure of the thin film magnetic head of this 
embodiment is similar to that shown in Fig. 1, but different 
in that the upper core layer 10 comprises two magnetic 
layers . 

The upper core layer 10 comprises a high Bs layer 4 7 
having a high saturation magnetic flux density Bs and an 
upper layer 48 laminated thereon. 

The high Bs layer 47 and/or the lower core layer 7 
comprises any one of the soft magnetic films according to 
the first, second and third embodiments. 

All the soft magnetic films contain at least one 
element a of Tc, Ru, Rh, Pd, Re, Os , Ir, and Pt, and have 
excellent corrosion resistance, as compared with a NiFe 
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alloy not containing the element a. Also, the soft magnetic 
films have excellent film characteristics such as the 
saturation magnetic flux density Bs , and thus the use of the 
soft magnetic films for a pole layer permits concentration 
of a magnetic flux near the gap of the pole layer, thereby 
improving the recording density. 

The upper layer 48 which constitutes the upper core 
layer 10 has a lower saturation magnetic flux density Bs 
than the high Bs layer 47, but has higher resistivity than 
the high Bs layer 47. The upper layer 48 is made of, for 
example, a Ni 80 Fe 20 alloy. 

Therefore, the high Bs layer 47 has a higher saturation 
magnetic flux density Bs than the upper layer 48 to 
concentrate the magnetic flux near the gap, thereby 
improving recording resolution. 

By providing the upper layer 48 with high resistivity 
in the upper core layer 10, an eddy current loss produced by 
an increase in the recording frequency can be decreased, and 
a thin film magnetic head adaptable to a higher recording 
frequency in future can be manufactured. 

As shown in Fig. 6, the high Bs layer 47 is preferably 
formed on the lower side in contact with a gap layer 41. 
The high Bs layer 47 may be formed only at the front end 46a 
of the upper core layer 10 in direct contact with the gap 
layer 4 1 . 

Also, the lower core layer 7 may comprise two layers 
including a high Bs layer and a high resistivity layer. In 



this case, the high Bs layer is formed on the high 
resistivity layer to be opposed to the upper core layer 10 
with the gap layer 41 provided therebetween. 

Although, in the embodiment shown in Fig. 6, the upper 
core layer 10 has a laminated structure comprising the two 
layers, the upper core layer may comprise at least three 
layers. In this case, the high Bs layer 4 7 is preferably 
formed in contact with the magnetic gap layer 41. 

Fig. 7 is a longitudinal sectional view of a thin film 
magnetic head according to a further embodiment of the 
present invention . 

The reading head hi of the embodiment shown in Fig. 7 
has the same construction as Fig. 1. As shown in Fig. 7, a 
lower pole layer 50 is formed on the lower core layer 7 to 
protrude from the surface facing the recording medium. 
Furthermore, an insulating layer 51 is formed behind the 
lower pole layer 50 in the height direction (the Y direction 
shown in the drawing) . The upper surface of the insulating 
layer 5 has a recessed shape to form a coil forming surface 
51. 

A gap layer 52 is formed to extend from the top of the 
lower pole layer 50 to the top of the insulating layer 51. 
Furthermore, a coil layer 53 is formed on the coil forming 
surface 51a of the insulating layer 51 with a gap layer 
provided therebetween. The coil layer 53 is covered with an 
insulating layer 54 of an inorganic insulating material. 

As shown in Fig. 7, an upper core layer 55 is formed by. 
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for example, the frame plating process, to extend from the 
gap layer 52 to the insulating layer 54 . 

The front end 55a of the upper core layer 55 is formed 
on the gap layer 52 opposite to the lower pole layer 50. 
The base end 55b of the upper core layer 55 is magnetically 
connected to the lower core layer 7 through a lifting layer 
56 formed on the lower core layer 7. 

In this embodiment, the upper core layer 55 and/or the 
lower pole layer 50 comprises any one of the soft magnetic 
films according to the first, second and third embodiments. 

All the soft magnetic films contain at least one 
element a of Tc, Ru, Rh, Pd, Re, Os , Ir, and Pt , and have 
excellent corrosion resistance, as compared with a NiFe 
alloy not containing the element a. By forming the lower 
pole layer 50 shown in Fig. 7, which is made of a FeNia 
alloy of the present invention having a higher saturation 
magnetic flux density Bs than the lower core layer 7, the 
magnetic flux can be concentrated near the gap, thereby 
improving the recording density. 

Although the entire of the upper core layer 55 may 
comprise the FeNia alloy, like in Fig. 6, the upper core 
layer may have a laminated structure comprising at least two 
magnetic layers in which the high Bs layer opposed to the 
gap layer 52 may comprise the FeNia alloy film. In this 
case, from the viewpoint of concentration of the magnetic 
flux near the gap for improving the recording density, only 
the tip portion 55a of the upper core layer 55 preferably 
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has a laminated structure comprising at least two magnetic 
layers so that the high Bs layer is formed in contact with 
the gap layer 52. 

In the present invention, in each of the embodiments 
shown in Figs. 1 to 7 , the FeNia alloy film is preferably 
formed by plating. In the present invention, the FeNia 
alloy can be deposited by an electroplating process using a 
pulse current. By depositing the FeNia alloy by plating, 
the film can be formed to any desired thickness larger than 
the thickness of a film formed by sputtering. 

Although, in each of the embodiments, the layer denoted 
by reference numeral 7 serves as both the lower core layer 
and the upper shield layer, the lower core layer and the 
upper shield layer may be formed separately. In this case, 
an insulating layer is interposed between the lower core 
layer and the upper shield layer. 

Next, the general method of manufacturing each of the 
thin film magnetic heads shown in Figs. 1 to 7 will be 
described. 

In the thin film magnetic head shown in Fig. 1, the gap 
layer 8 is first formed on the lower core layer 7, and then 
the coil layer 9 is patterned on the gap layer 8. The 
insulating layer 11 is formed on the coil layer 9, and then 
the upper core layer 10 is patterned by the frame plating 
process to extend from the gap layer 8 to the insulating 
layer 1 1 . 

In the thin film magnetic head shown in Figs. 2 and 3, 
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the Gd determining layer 17 is formed on the lower core 
layer 7, and then the pole portion 18 comprising the lower 
pole layer 19, the nonmagnetic gap layer 20 and the upper 
pole layer 21 is formed by continuous plating using a resist 
to extend from the surface facing the recording medium in 
the height direction. Then, the insulating layer 23 is 
formed behind the pole portion 18 in the height direction, 
and the upper surfaces of the pole portion 18 and the 
insulating layer 23 are planarized to the same plane by, for 
O example, a CMP technique. The coil layer 24 is spirally 
m patterned on the insulating layer 23, and then the 
"4 insulating layer 25 is formed on the coil layer 24. Then, 

m 

flj the upper core layer 22 is formed by, for example, the frame 

S J | 

plating process, to extend from the pole portion 18 to the 

O 

m insulating layer 25. 

£ . i 

i3 In the thin film magnetic head shown in Figs. 4 and 5, 

the insulating layer 31 is formed on the lower core layer 7, 
and then the track width forming trench 31a is formed in the 
insulating layer 31 by using a resist to extend from the 
surface facing the recording medium in the height direction. 
Furthermore, the inclined surfaces 31c are formed in the 
track width forming trench 31, as shown in Fig. 4. 

The lower pole layer 32 and the nonmagnetic gap layer 
33 are formed in the track width forming trench 31a. Then, 
the Gd determining layer 37 is formed to extend from the gap 
layer 33 to the insulating layer 31, and the upper pole 
layer 34 is formed on the gap layer 33. Next, the coil 
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layer 38 is spirally patterned on the insulating layer 31, 
and then the insulating layer 39 is formed on the coil layer 
38. The upper core layer 40 is formed by, for example, the 
frame plating process, to extend from the upper pole layer 
34 to the insulating layer 39. 

In the thin film magnetic head shown in Fig. 6, the gap 
layer 41 is first formed on the lower core layer 7, and the 
insulating layer 43 is formed thereon. Then, the coil layer 
44 is patterned on the insulating layer 43, and the 
p insulating layer 45 is formed on the coil layer 44. Then, 
ig the upper core layer 10 comprising the high Bs layer 47 and 
Sj the upper layer 48 is formed by the frame plating process to 

extend from the gap layer 41 to the insulating layer 45. 
. In the thin film magnetic head shown in Fig. 7, the 

I f3 lower pole layer 50 is formed on the lower core layer 7 by 
1^ using a resist, and the insulating layer 51 is formed behind 
12 the lower pole layer 50 in the height direction. The upper 
surfaces of the lower pole layer 50 and the insulating layer 
51 are planarized by the CMP technique, and then the coil 
forming surface 51 a having a recessed shape is formed at 
the top of the insulating layer 51. Then, the gap layer 52 
is formed to extend from the lower pole layer 50 to the 
insulating layer 51, and the coil layer 53 is spirally 
patterned on the gap layer 52. Furthermore, the insulating 
layer 54 is formed on the coil layer 53, and the upper core 
layer 55 is formed by, for example, the frame plating 
process, to extend from the gap layer 52 to the insulating 
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layer 54. 

Next, the method of producing the soft magnetic film of 
the present invention will be described below. The soft 
magnetic film of the first embodiment is formed by 
electroplating . 

The method of producing the soft magnetic film of the 
first embodiment (FeNiPd) is first described. In the 
present invention, a plating bath containing Fe ions and Ni 
ions is used in an electroplating step, and the plating bath 
further contains PdCl 2 which is added thereto in an amount 
of 0.01 g/1 to 0.1 g/1 based on the total amount of the 
plating bath. 

Therefore, the soft magnetic film of the fist 
embodiment comprising the FeNiPd alloy can be formed by 
plating, in which the Pd composition ratio is 1% by mass to 
10% by mass. 

The method of producing the soft magnetic film (FeNiRh) 
of the first embodiment is described blow. In this 
embodiment, a plating bath containing Fe ions and Ni ions is 
used in the electroplating step, and the plating bath 
further contains Rh which is added thereto by adding a 
strongly acidic Rg adding solution having a Rh content of 
100 g/1 in an amount of 0.1 g/1 to 0.2 g/1 based on the 
total amount of the plating bath. 

Therefore, the soft magnetic film of the fist 
embodiment comprising the FeNiRh alloy can be formed by 
plating, in which the Rh composition ratio is 1% by mass to 



10% by mass. 

In forming the above -described soft magnetic film of 
the first embodiment having a Fe composition ratio of about 
51 to 74% by mass, a Ni composition ratio of about 24 to 46% 
by mass, and a Pd composition ratio of 1.1 to 4.9% by mass, 
the total composition ratio of Fe, Ni and Pd being 100% by 
mass, the plating bath used in the electroplating step has 
the same composition as a conventional Watt bath comprising 
NiCl 2 hexahydrate (117 g/1), NiS0 4 hexahydrate (50 g/1) , NaCl 
(25 g/1), boric acid (25 g/1), saccharin sodium (2 g/1) 
serving as a stress relaxing agent, and sodium lauryl 
sulfate (0.02 g/1) serving as a surfactant, and further 
comprises FeS0 4 heptahydrate and PdCl 2 which are added to the 
conventional composition, the amount of PdCl 2 added being 
0.05 to 0.1 g/1 based on the total amount of the plating 
bath. 

In the electroplating step, a pulse current is applied 
to the plating bath using a FeNi alloy sputtered film as a 
cathode. After a FeNiPd alloy plating film having a desired 
thickness is formed on the cathode, the electroplating step 
is finished. 

In forming the above-described soft magnetic film of 
the first embodiment having a Fe composition ratio of about 
75% by mass, a Ni composition ratio of about 166% by mass, 
and a Rh composition ratio of 9% by mass, i.e., the 
composition Fe 75 Ni 16 Rh 9 , the plating bath used in the 
electroplating step has the same composition as the 



conventional Watt bath, and further comprises FeS0 4 
heptahydrate and a sulfuric acid Rh addition solution having 
a Rh content of 100 g/1 (Rh Plating Solution "RH-#221 M 
produced by N. E-Chemkit Co., Ltd.)/ which are added to the 
conventional composition, the amount of the Rh addition 
solution added being 0.11 g/1 based on the total amount of 
the plating bath. 

Like in production of the FeNiPd alloy, in the 
electroplating step, a pulse current is applied to the 
plating bath using a FeNi alloy sputtered film as a cathode. 
After a FeNiRh alloy plating film having a desired thickness 
is formed on the cathode, the electroplating step is 
finished. 

The Pd composition ratio of the thus -produced soft 
magnetic film (FeNiPd) substantially increases as the amount 
of PdCl 2 added increases. However, even with the same 
amount of PdCl 2 added in the range of 0.05 g/1 to 0.10 g/1, 
the Pd composition ratio of the soft magnetic film varies in 
some cases. With the same Ni composition ratio, the Pd 
composition ratio tends to decrease as the Fe composition 
ratio increases. 

Since the soft magnetic film of the first embodiment is 
formed by electroplating using the pulse current, a time 
when the current is passed, and a space time when the 
current is not passed are provided during plating. By 
proving the time when the current is not passed, the FeNia 
alloy film can be slowly formed by plating to relieve a 
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deviation of the current density distribution in plating 
even when the Fe ion concentration of the plating bath is 
increased, as compared with use of a DC current. 

The pulse current is preferably applied by, for example, 
repeating ON and OFF in a cycle of several seconds with a 
duty ratio of about 1.0 to 0.5. The conditions for the 
pulse current influence the average crystal grain diameter 
of the FeNia alloy and the center line average roughness Ra 
of the film surface. 

As described above, in the electroplating process, a 
deviation of the current density distribution in plating can 
be relieved to increase the Fe content of the FeNia alloy, 
as compared with an electroplating process using a DC 
current . 

In the present invention, by the electroplating process 
using the pulse current, the degree of control freedom of 
the composition ratios can be increased to facilitate 
control of the Fe composition ratio of the FeNia alloy to 
55% by mass to 90% by mass, preferably 72% by mass to 68% by 
mass, as compared with the electroplating process using the 
DC current . 

Next, the method of producing the soft magnetic films 
according to the second and third embodiments will be 
described. 

In the present invention, the FeNia alloy is deposited 
by the electroplating process using the pulse current and 
the plating bath having a Fe ion concentration of 1.0 g/1 to 
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10 g/1. a Ni ion concentration of 5 g/1 to 40 g/1, and an 
ion concentration of element a (at least one of Tc, Ru, Rh, 
Pd, Re, Os, Ir and Pt) of 0.01 g/1 to 0.2 g/1. 

Therefore, a Fe d Ni e a f alloy can easily be formed by 
plating with high reproducibility, in which the composition 
ratio d of Fe is 58% by mass to 77% by mass, the composition 
ratio e of Ni is 18% by mass to 37% by mass, the composition 
ratio f of the element a is 1% by mass to 12% by mass, and d 
+ e + f = 100% by mass. 

This production method has two characteristics. One of 
the characteristics is that the pulse current is used in the 
electroplating process. The other characteristic is that 
the Ni ion concentration is decreased. Although the Ni ion 
concentration of the plating bath is generally about 40 g/1, 
the Ni ion concentration of the plating bath used in the 
present invention is decreased to a value lower than the 
conventional concentration. Therefore, during plating, the 
agitation effect can be increased to improve the movement 
(substitution) of Fe ions and element a ions contained in 
the plating solution to a surface to be plated, whereby the 
FeNia alloy having the above-described composition can be 
easily deposited by plating with high reproducibility. 

By using the plating bath having the above ion 
concentrations, the composition ratio of the element a can 
be increased to 12% by mass at maximum. 

In the present invention, the Ni ion concentration is 
preferably 15 g/1 or less or 10 g/1 or less. 



In the present invention, the ion concentration of the 
element a is preferably 0.01 g/1 to 0.05 g/1. 

By using the plating bath in which the Ni ion 
concentration and the ion concentration of the element a are 
set as described above, the soft magnetic film of the third 
embodiment of the present invention can easily be formed by 
plating with high reproducibility. 

The above -described method of producing each of the 
soft magnetic films can be applied to formation of the lower 
core layer 7 and/or the upper core layer 10 shown in Fig. 1, 
formation of the lower pole layer 19 and/or the upper pole 
layer 21 shown in Figs. 2 and 3, formation of the lower pole 
layer 32 and/or the upper pole layer 34 shown in Figs. 4 and 
5, formation of the lower core layer 7 and/or the high Bs 
layer 47 shown in Fig. 6, and formation of the lower pole 
layer 50 and/or the upper core layer 55 shown in Fig. 7. 

By using the above method of producing a soft magnetic 
film, a core layer or a pole layer of a thin film magnetic 
head having any one of the structures shown in Figs . 1 to 7 
can easily be formed by plating with high reproducibility. 
However, in the embodiments shown in Figs. 2 to 5 in which 
the pole portion 18 or 30 is formed with the track width Tw 
between the lower core layer 7 and the upper core layer 22 
or 40 in a separate step, the method of producing the soft 
magnetic film of the third embodiment is preferably used for 
forming the lower pole layer 19 or 32 and/or the upper pole 
layer 21 or 34 by plating. 
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In the thin film magnetic head shown in Figs. 2 and 3, 
a resist layer is formed on the lower core layer 7, and a 
trench is formed in the resist layer by exposure. Then, the 
pole portion 18 is formed in the thus -formed trench by 
plating. In this case, the width dimension of the trench in 
the track width direction (the X direction) is preferably 
about 0.1 i*m to 0.5 [im in order to appropriately cope with 
narrowing of the track, the depth dimension (the Y 
direction) is substantially the same as the width dimension, 
and the height dimension (the Z direction) is about 2 to 5 
times the width dimension. 

In appropriately forming the lower pole layer 19, the 
gap layer 20 and the upper pole layer 21 in the very narrow 
space by plating, movement (substitution) of Fe ions and 
element a ions contained in the plating solution in this 
space must be improved, otherwise the Fe composition ratio 
of the pole layer is easily decreased to fail to form a pole 
having a high saturation magnetic flux density Bs or cause 
the problem of roughening the film surface due to excessive 
amounts of Fe and element a. The pole layer formed in such 
a narrow space is easily corroded unless surface roughness 
is decreased as much as possible, and the pole layer must be 
thus formed with a composition which decreases the center 
line average roughness Ra of the film surface. 

Therefore, the Ni ion concentration of the plating bath 
must be decreased to improve the agitating effect , and thus 
the Ni ion concentration of the plating bath is set to 5 g/1 
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to 15 g/1 or 10 g/1 or less, and the ion concentration of 
the element a is set to 0.01 g/1 to 0.05 g/1. 

By decreasing the Ni ion concentration to improve the 
agitating effect, the Fe amount of the FeNia alloy can be 
increased. In the present invention, the Fe composition 
ratio can be set to 65% by mass to 74% by mass, the 
composition ratio of the element a can be set to 1% by mass 
to 7% by mass, and the Ni composition ratio can be set to 
25% by mass to 34% by mass. 

With the soft magnetic film of the third embodiment 
having the above composition ratios, a high saturation 
magnetic flux density Bs of 1.9 T or more can be obtained, 
and the center line average roughness Ra of the film surface 
can be suppressed to 5 nm or less. Therefore, a pole layer 
having a high saturation magnetic flux density Bs and 
excellent corrosion resistance can easily be formed by 
plating in the narrow space with high reproducibility. 

Although the FiNia alloy is used for the thin film 
magnetic heads shown in Figs. 1 to 7, application of this 
alloy is not limited to these magnetic heads. For example, 
the FeNia alloy can be used for planar magnetic elements 
such as a thin film inductor, etc. 

EXAMPLES 

Examples of the soft magnetic films of the present 
invention are described below. 

In experiment, a FeNiPd alloy or FeNiRh alloy was 
deposited by plating using a pulse current and each of the 



plating baths shown in Table 1. As comparative examples, a 
FeNi alloy was deposited by plating using a pulse current 
and each of the plating baths shown in Table 1. 

In this experiment, a film of each of the FeNiPd alloy, 
the FeNiRh alloy and the FeNi alloy was formed on a 
substrate by solid plating. The temperature of the plating 
bath was about 30° C, the pH of the electrode used was about 
3.3, and the current density was about 21 (mA/cm 2 ). 
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The composition ratios of Fe, Ni and Pd, stress, 
coercive force (hard magnetization axis, easy magnetization 
axis), anisotropic magnetic field, saturation magnetic flux 
density Bs, and resistivity were measured for the soft 
magnetic film of each of Examples 1 to 13 and Comparative 
Example 1 (a conventional soft magnetic film) and 
Comparative Example 2 . The experimental results are shown 
in Table 2. 



- 55 - 



CM 

0) 
rH 

XX 
rcj 



•H 
> 

2 3 



CJ 




O 




■H 


u 


-P 


■H >i 


01 


-P -M 


M 


<D -H 




S X CQ 


-M 


tn 3 G ~ 


<d 


*d 1 <D Eh 


CO 


S *h - 



6 



o 

•H 

O O < 

-P -P 

O © TJ 

W C •— I 

■h cr» <D 

< n »n 



T( CQ 
M -H 

EC <8 



>i M 
CO -H 
cd X 
W cd 



<D (d 

M At 

■M S 

CO — * 



(D 
O 

a 



CQ 4-) 

o cq 

M -H 

M CQ 

O <D 

U M 



CQ 
CQ 

cd 

>1 



c 

O 
■H 
-P 
•H 
CQ 
O 

O 

a 



8 



a) 

r— I 



ro 



(N 



ro 
ro 



ro 



CM 

ro 



ro 
ro 



ro 



in 
in 



in 



vo 
oo 



CO 

oo 



CM 

cn 



vo 
oo 



vo 
in 



oo 



o 



o 

■si* 
vo 



CM 

vo 



CO 

in 



CM 



vo 



in 
ro 



o 
in 



CM 

vo 



vo 

CM 



o 
in 
o 



in 
o 
vo 



CM 

ro 
r- 



CM 



o 

CM 



ro 

CM 
CM 



in 
in 

CM 



o 

CM 



VO 
CM 



ro 

CM 



in 
o 

CM 



ro 
ro 



vo 



o 



CM 

o 
ro 



in 
in 

CM 



CM 



in 
in 

CM 



in 



cn 



o 
in 
ro 



CM 



CO 



in 



o 

CM 



o 

CM 



II 

Cm 



CO 
II 

TJ 
CM 



CM 



II 

CM 



CO 

II 

CM 



II 

CH 



CM 
II 

TJ 
Cm 



II 



CM 

II 

04 



II 

CM 



vo 

II 

CM 



II 

CM 



vo 



in 



CM 



CM 



CM 



in 

CM 



CM 



in 

CM 



CM 



o 

CM 



CM 
CM 



CM 

in 



o 
in 



ro 
in 



CM 



CM 



in 



o 
r- 



vo 
vo 



CM 

<D 

r— I 

* & 

u § 

O X 



r— I 



X 



CM 

a) 
f— i 



x 



ro 

O 
f— I 

a* 



x 



O 
i— I 



X 

w 



in 

a> 
i— i 

0* 



x 



vo 

a) 
i— i 



x 
w 



r- 

(D 
rH 



X 
W 



oo 
a) 



x 
w 



rH 



X 

w 



(D 

rH 



X 

w 



(D 

rH 

0* 



X 



rH 



X 
W 



o 

rH 



X 

w 



The experimental results of Examples 1 to 8 are 
described. 

The corrosion resistance of each soft magnetic film was 
evaluated by a humidity test in which a film was exposed at 
temperature of 80 °C and a humidity of 90% for 96 hours. 

After the humidity test, the corroded state of each 
soft magnetic film was observed under a microscope (x 60), 
and the corrosion resistance was evaluated on the basis of 
the criteria that the corroded state substantially 
equivalent to Comparative Example 1 (conventional soft 
magnetic film) was marked with o, the corroded state worse 
than Comparative Example 1 was marked with x, and the 
corroded state better than Comparative Example 1 was marked 
with ®. 

In Examples 1 to 4, the Fe composition ratio was about 
51 to 53% by mass, the Ni composition ratio was about 42 to 
46% by mass, and the Pd composition ratio was about 1.1 to 
4.9% by mass. In Examples 1 and 2, the corrosion resistance 
was slightly improved as compared with Comparative Example 1 
not containing Pd and having an Fe composition ratio 
equivalent to the examples. In Examples 3 and 4, the 
corrosion resistance was significantly improved as compared 
with of the conventional soft magnetic film of Comparative 
Example 1, and particularly, in Example 4, no corroded 
portion was observed in the surface after the corrosion test. 

Example 5 had a Fe composition ratio of 72.5% by mass, 
and a Pd composition ratio of 3.5% by mass substantially the 



same as Example 3. However, in Example 5, the corrosion 
resistance was significantly improved as compared with of 
Comparative Example 2 not containing Pd and having an Fe 
composition ratio equivalent the example, and the corrosion 
resistance is slightly higher than the conventional soft 
magnetic film of Comparative Example 1. 

Examples 6 and 7 had substantially the same Fe 
composition and Pd composition ratios of 1.7% by mass and 
2,2% by mass, respectively. In Examples 6 and 7, although 
Pd composition ratios were as low as about 2% by mass, the 
corrosion resistance was significantly improved as compared 
with of Comparative Example 2 not containing Pd and having 
an Fe composition ratio equivalent to the examples, and the 
corrosion resistance is slightly higher than the 
conventional soft magnetic film of Comparative Example 1. 

Example 8 had a Fe composition ratio of 75% by mass, 
and a Rh composition ratio of 9% by mass. Like in Example 5 
having an Fe composition ratio to Example 8 , the corrosion 
resistance was significantly improved as compared with of 
Comparative Example 2 not containing Rh and having an Fe 
composition ratio equivalent to the example, and the 
corrosion resistance is slightly higher than the 
conventional soft magnetic film of Comparative Example 1. 

In Examples 1 to 4, stress, coercive force, anisotropic 
magnetic field, saturation magnetic flux density Bs, and 
resistivity were substantially the same as Comparative 
Example 1 not containing Pd and ant Fe composition ratio 
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equivalent to the examples . 

In Examples 5 to 7, saturation magnetic flux density Bs, 
and resistivity were substantially the same as Comparative 
Example 2 not containing Pd and an Fe composition ratio 
equivalent to the examples, and the saturation magnetic flux 
density was about 1.9 T. 

The above -described results indicate that according to 
the present invention, the corrosion resistance of a soft 
magnetic film can be improved by adding Pd or Rh to a FeNi 
alloy, and the film characteristics such as the saturation 
magnetic flux density Bs, etc. are substantially the same as 
a FeNi alloy no containing a noble metal such as Pd, and 
having an Fe amount equivalent to the FeNiPd or FeNiRh alloy. 

Next , Examples 9 to 13 are described below. In 
Examples 9 to 13, the Ni ion concentration of the plating 
bath was decreased, as compared with Examples 1 to 8 (refer 
to Table 1). Although, in Examples 1 to 8 , the Ni ion 
concentration was about 40 g/1 equal to the Ni ion 
concentration of a conventional plating bath, in Examples 9 
to 13, the Ni ion concentration was decreased to about 10 
g/1 corresponding to 1/4 of 40 g/1. 

Therefore, the agitating effect could be improved to 
permit appropriate substitution in the plating solution on a 
surface to be plated. Table 1 indicates that the Fe ion 
concentrations of the plating baths in Examples 9 to 13 are 
lower than the Fe ion concentrations in Examples 1 to 8. 
However, as shown in Table 2, the Fe amounts of the FeNiPd 
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alloys of Examples 9 to 13 can be increased to a value 
larger than or the same as Examples 1 to 8. 

Table 2 also indicates that the Pd amounts of the 
FeNiPd alloys of Examples 9 to 13 can be increased to 12% by 
mass at maximum, which is larger than the Pd amounts of the 
FeNiPd alloys of Examples 1 to 7 . 

In Examples 9 to 13, the saturation magnetic flux 
density Bs exceeds 1.9 T according to the composition ratios, 
and a high saturation magnetic flux density Bs can be 
obtained. 

As a result of measurement of the corrosion resistance 
by the same method as described above, all Examples 9 to 13 
exhibited excellent corrosion resistance. 

In the present invention, on the basis of the above 
experimental results, the composition range of the FeNiPd 
alloy having excellent corrosion resistance is set, in which 
a saturation magnetic flux density Bs of 1 . 8 T or more can 
be ensured. 

Fig. 8 is a ternary diagram of the FeNiPd alloy. In 
this ternary diagram, composition range (i) is set as a 
preferable composition range for solid plating, in which the 
Fe composition ratio is 58% by mass to 77% by mass, the Ni 
composition ratio is 18% by mass to 37% by mass, the Pd 
composition ratio is 1% by mass to 12% by mass, and the 
total of the composition ratios of Fe, Ni and Pd is 100% by 
mass . 

All Examples 5 to 13 lie in this composition range. It 



• 



is found that in all Examples, the saturation magnetic flux 
density Bs exceeds 1.8 T, and the center line average 
roughness Rs of the film surface is 10 nm or less. It is 
thus found that by using the FeNiPd alloy in the composition 
range (i) shown in Fig. 8, a soft magnetic film having has a 
high saturation magnetic flux density Bs and excellent 
corrosion resistance can be formed by plating. 

Table 1 indicates that in order to obtain the FeNiPd 
alloy in the composition range (i), the Fe, Ni and Pd ion 

O concentrations of the plating bath are preferably set to 1.0 

hp 

m g/l to 10 g/1, 5 g/1 to 40 g/1, and 0.01 g/1 to 0.2 g/1, 
''"4 respectively. The reason for setting lower limit of the Ni 
iy concentration to 5 g/1 is that with a Ni concentration lower 
than this value, the stability of the plating bath 

O 

j_n deteriorates due to an excessively low concentration to fail 
P to form FeNiPd having the desired composition ratios. 

The electroplating process uses the pulse current. In 
use of a noble metal other than Pd, for example, Tc, Ru, Rh, 
Re, Os , Ir, or Pt , a soft magnetic film having a high 
saturation magnetic flux density Bs and excellent corrosion 
resistance can be possibly obtained by using the same 
plating bath composition as described above. 

In the present invention, a soft magnetic film was 
formed by plating in such a narrow space as the pole portion 
18 of the thin film magnetic head shown in Figs. 2 and 3, 
and the film characteristics were measured. 

In experiment, a resist layer was coated on a substrate. 
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and a trench was formed in the resist layer by exposure. 
The trench had a width of about 0. 4 [xm r a length of about 
0.5 \xm, and a height of about 2.5 (uxn . 

Then, a soft magnetic film comprising FeNiPd was formed 
in the trench formed in the resist layer by the 
electroplating process using a pulse current. Table 3 shows 
the plating bath compositions used. In experiment, the 
temperature of the plating bath was about 30° C, the pH of 
the electrode used was about 3.3, and the current density 
was about 85 (mA/cm 2 ). 
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In Comparative Example 3 and Example 14, the Ni ion 
concentration of the plating bath was about 40 g/1 
considered as a reference value. In Examples 15 and 16, the 
Ni ion concentration was 1/3 of the reference value, and in 
Examples 17 to 21, the Ni ion concentration was 1/4 of the 
reference value. 

The composition ratios, etc. of the soft magnetic films 
formed by using the plating baths shown in Table 3 were 
measured. The experimental results are shown in Table 4. 



Table 4 





Composition 
(% by mass) 


Corrosion 
resistance 


Saturation magnetic 
flux density (T) 


Fe 


Ni 


Pd 


Comp . 
Example 3 


71 


29 




X 


1.9 


Example 14 


72 . 7 


24 


3.3 


o 


1.87 


Example 15 


71.1 


27 


1.9 


o 


1.91 


Example 16 


69.6 


28 


2.4 


o 


1.90 


Example 17 


66 


32 


2 


o 


1.85 


Example 18 


68.4 


29 


2.6 


o 


1.87 


Example 19 


66.5 


30 


3.5 


o 


1.84 


Example 20 


71 


27 


2 


o 


1.91 


Example 21 


68 


28 


4 


o 


1.87 



Table 4 indicates that the FeNiPd alloys of Examples 14 
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to 21 have excellent corrosion resistance, as compared with 
the FeNi alloy of Comparative Example 3. The corrosion 
resistance of each soft magnetic film was evaluated by a 
humidity test in which a film was exposed at temperature of 
80° C and a humidity of 90% for 96 hours. 

Fig. 9 shows the experimental results of measurement of 
the corrosion resistance of the FeNiPd alloy of Example 20 
and the FeNi alloy of Comparative Example 3 shown in Table 4 . 
Experiment was carried out by the same humidity test as 
described above in which a film was exposed at temperature 
of 80° C and a humidity of 90% for 96 hours. 

In the experiment, three substrates (wafers) were 
prepared, and several thousands pole layers each comprising 
the FeNiPd alloy film of Example 20 were formed thereon. 
Similarly, three substrates (wafers) were prepared, and 
several thousands pole layers each comprising the FeNi alloy 
film of Comparative Example 3 were formed thereon. On each 
of the substrates, 100 each of the NiFePd alloy films and 
the FeNi alloy films were selected to examine the degree of 
corrosion of the pole layer comprising each of the selected 
alloy films. The ratio of the uncorroded pole layers was 
shown by percentage. The experimental results are shown in 
Fig. 9. 

Fig. 9 indicates that about 100% of the pole layers 
each comprising the FeNiPd alloy film formed on the three 
substrates are not corroded, while the ratio of the 
uncorroded pole layers each comprising the FeNi alloy film 
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is extremely lower than the FeNiPd alloy films. 

It is thus found that the FeNiPd alloy film has 
excellent corrosion resistance, as compared with the FeNi 
alloy film, and thus use of the FeNiPd alloy for forming a 
pole layer in a very narrow space can effectively improve 
the corrosion resistance, as compared with use of the FeNi 
alloy. Furthermore, with any one of the FeNiPd alloys of 
Examples 14 to 21 shown in Table 4, the center line average 
roughness Ra of the film surface is 5 nm or less, and the 

3 corrosion resistance is excellent. 

0 

S As shown in Table 3, in Examples 15 to 21, the Ni ion 

•4 concentration is 40 g/1 or less, and thus the agitating 

U effect of the plating solution can be improved. Therefore, 

II 

movement (substitution) of Fe ions and element a ions to a 
H surface to be plated can be improved in the narrow space to 
^ obtain composition ratios of Fe, Ni and Pd in appropriate 
** ranges . 

Furthermore, the experimental results reveal that with 
any of the FeNiPd alloys of the examples shown in Table 4 , a 
saturation magnetic flux density Bs of 1.9 T or more can be 
obtained, and the surface roughness can be further decreased, 
as compared with the alloys shown in Table 2. It is thus 
found that the FeNiPd alloys shown in Table 4 can be 
effectively used for the lower pole layer and the upper pole 
layer of the pole portion 18 formed in the narrow region in 
narrowing of the track, as shown in Figs. 2 to 5. 

Therefore, a composition range in which the composition 
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• 



ratios of the examples shown in Table 4 lie, i.e., the 
composition range (ii) shown in the ternary diagram of Fig. 
8, is set as a preferable composition range for forming a 
pole layer, in which the Fe composition ratio is 65% by mass 
to 74% by mass, the Ni composition ratio is 25% by mass to 
34% by mass, the Pd composition ratio is 1% by mass to 7% by 
mass, and the total composition ratio of Fe, Ni and Pd is 
100% by mass. 

Table 3 reveals that in order to obtain a FeNiPd alloy 
in the composition range (ii), the Fe, Ni and Pd ion 
concentrations of the plating bath are preferably set to 1.0 
g/1 to 10 g/1, 5 g/1 to 15 g/1 or 10 g/1 or less, and 0.01 
g/1 to 0.5 g/1, respectively. 

In use of a noble metal other than Pd, for example, Tc, 
Ru, Rh, Re, Os , Ir, or Pt , a soft magnetic film having a 
high saturation magnetic flux density Bs and excellent 
corrosion resistance can be possibly formed as a pole layer 
by using the plating bath composition as described above. 

The soft magnetic film according to the first 
embodiment of the present invention comprises a FeNi alloy 
containing Pd and element a, wherein the composition ratio 
of the element a is 1% by mass to 10% by mass. 

Such a soft magnetic film is provided with magnetic 
properties by Ni and Fe, and addition of element a can 
improve the corrosion resistance, as compared with a soft 
magnetic film not containing element a and having an Fe 
composition ratio equivalent to the soft magnetic film of 
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the present invention. 

Particularly, with the soft magnetic film according to 
the second embodiment in which the composition ratio d of Fe 
is 58% by mass to 77% by mass, the composition ratio e of Ni 
is 18% by mass to 37% by mass, the composition ratio f of 
the element a is 1% by mass to 12% by mass, and d + e + f = 
100% by mass, and the soft magnetic film according to the 
third embodiment in which the composition ratio X of Fe is 
65% by mass to 74% by mass, the composition ratio Y of Ni is 
25% by mass to 34% by mass, the composition ratio Z of the 
element a is 1% by mass to 7% by mass, and X + Y + Z = 100% 
by mass, a higher saturation magnetic flux density Bs can be 
obtained, and the corrosion resistance is excellent. 

The method of producing the soft magnetic film of the 
first embodiment of the present invention comprises 
depositing a FeNi alloy containing Pd by the electroplating 
process, wherein the electroplating process uses a plating 
bath containing Fe ions and Ni ions , and further containing 
PdCl 2 added thereto in an amount of 0.01 g/1 to 0.10 g/1 
based on the total amount of the plating bath. 

The method of producing the soft magnetic film uses the 
plating bath containing PdCl 2 added thereto to produce a 
soft magnetic film comprising a FeNi alloy containing Pd at 
a composition ratio of 1% by mass to 10% by mass to and 
having high corrosion resistance. 

The method of producing the soft magnetic film of the 
present invention may comprise depositing a FeNi alloy 
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containing Rh by the electroplating process, wherein the 
electroplating process uses a plating bath containing Fe 
ions and Ni ions, and further containing Rh added thereto by- 
adding a strongly acidic Rh addition solution having a Rh 
content of 100 g/1 in an amount of 0.1 g/1 to 0.2 g/1 based 
on the total amount of the plating bath. 

The method of producing the soft magnetic film uses the 
plating bath containing Rh added thereto by adding the 
strongly acidic Rh addition solution to produce a soft 
O magnetic film comprising a FeNi alloy containing Rh at a 
jg composition ratio of 1% by mass to 10% by mass to and having 

in 

%J high corrosion resistance. 

in 

|tj In the method of producing the soft magnetic film 

according to the second or third embodiment, the 

a5 electroplating method using a pulse current is used, and the 

hi 

— Ni ion concentration of the plating bath is decreased to 
!"!• improve the agitating effect, thereby easily forming a soft 
magnetic film having the composition ratios according to the 
second or third embodiment with high reproducibility. 

A thin film magnetic head of the present invention 
comprises a lower core layer, a gap layer formed on the 
lower core layer and made of an insulating material, a coil 
layer formed on the gap layer and made of a good conductive 
material, an insulating layer formed to cover the coil layer, 
and an upper core layer formed on the insulating layer, 
wherein a recording magnetic field is induced in the upper 
core layer and the lower core layer by the current applied 
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to the coil layer, and at least one of the upper core layer 
and the lower core layer comprises the soft magnetic film. 

In this thin film magnetic head, even when the 
saturation magnetic flux density Bs is increased by 
increasing the Fe composition ratio of the soft magnetic 
film of the core layer, the corrosion resistance of the soft 
magnetic film does not deteriorate, thereby making the thin 
film magnetic head adaptable to a higher recording density 
while maintaining the corrosion resistance of the lower core 
layer and/ or the upper core layer. 

Particularly, in a thin film magnetic head comprising a 
pole portion with a track width formed between a lower core 
layer and an upper core layer, the use of the soft magnetic 
film of the third embodiment as a lower pole layer and/ or an 
upper pole layer which constitutes the pole portion can 
facilitate the manufacture of a thin film magnetic head 
adaptable to a higher recording density and having excellent 
corrosion resistance with high reproducibility. 



